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 I. Introduction 
   Japan is a country with high precipitation and we experience frequent heavy 
rainfalls at various places every year. Moderate amount of rainfall is of benefit to 
human life, however, heavy rainfall, although having a merit to settle the shortage 
of water directly, often causes a demerit of bringing about floods, landslides and 
other destructions. Therefore, the localities and the extents of heavy rainfalls are 
important problems for us. 
   So far, rainfalls of greater amount, including those which are simply called 
"heavy  rainfalls" , have been occasionally analyzed in detail. These investigations 
amount to a great number, and most of them are case studies or statistical 
studies about many cases of heavy  rainfalls. Apparently, these studies were 
generally carried out to explain the mechanism of individual heavy rainfalls. In 
the seasons of Baiu (early summer) and of typhoon, frequent heavy rainfalls occur, 
however, it is not necessarily at one and the same place. For that reason, we are 
apt to consider the heavy rainfalls as climatic accidents, and regions where heavy 
rainfalls often occur have not been investigated enough. 
   The regionality of heavy rainfall occurrence was pointed out in a recent 
study that dealt with the relationships between topography and distribution of 
the amount of rainfall (Suzuki  1961). Moreover it was found that areas with 
frequent heavy rainfalls appear in different parts of Japan in accordance with the 
change of seasons by other studies concerning the distribution of the amount of 
rainfall caused by Baiu fronts (Mizukoshi 1962), and caused by tropical depressions 
(typhoons) (Mizukoshi 1965). Therefore, it is clear that there exist a clear  region-
ality and distinct seasonality in the places of heavy rainfall occurrences. 
   In this paper, the author will attempt to find out what regionalities exist 
in the places of heavy rainfall occurrences and how the distribution of heavy rainfall 
frequency changes, based on the maps of rainfall frequency in  TOhoku District. 
The period of statistics is from 1922 to 1941 (20 years).
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2. Data and the method to draw the monthly maps 
    It is desirable for the study of heavy rainfall occurrences to investigate daily 
 rainfall data at each meteorological station. However, it is very difficult because 
the stations are great in number. Fortunately, the daily distribution maps of the 
heavy rainfall amount in  TOhoku District, have been completed by the Sendai 
Meteorological Observatory. These maps contain all the cases when there was a 
rainfall that amounted to above 100 mm per successive two days at some 
meteorological station. Therefore, if we assume this amount as the minimum 
standard of heavy rainfall, we can count the number of days with rainfall above 
a certain amount at one locality, from the daily distribution maps of heavy rainfall 
amount. Since heavy  rainfalls were selected based on that standard, there 
appeared the cases in which the amounts were partial to one of the two days, so the 
maps of the other date under 40 mm per day were all excluded. 
    Thus, the days with more than 40 mm of rainfall at some meteorological 
station in  TOhoku District, amount of 513 in all. Primary amount of the rainfall 
at each station cannot be given by these daily maps, however, an area that is 
enclosed by an isopleth means that it has above a certain amount of rainfall. 
Accordingly, the author put a mesh of  ca. 16 km in actual distance a little shorter 
than the mean distance between the meteorological stations — on the daily distribu-
tion maps of rainfall (Fig.  1), and then  he counted the days with above a  certain 
amount of rainfall at each point of intersection. According to such procedures, 
the author obtained distribution maps of the frequency of heavy rainfalls above 
40  mmiday, 60  mmiday, 80 mm/day and 100  mm/day in each month. The number 
of days with heavy  rainfalls have been substituted with the frequencies of heavy 
rainfalls for convenience' sake. 
3. Distribution patterns of heavy rainfall frequency and the seasons of 
   heavy rainfalls 
   From the 48 distribution maps thus obtained, we can find several character-
istics. In the monthly maps, there appear areas of high frequency; the more the 
daily amount of precipitation, the more distinctive such areas are. As the general 
trends in above mentioned four grades are generally same as is shown in Figs. 2a-2c 
and Fig. 3i as examples, we will be able to choose the grade above 40  mm/day to 
represent the general trends, in the analysis of distribution of frequency and its 
seasonal transition. The ways in which high frequency areas appear, are quite 
different by season. Grouping the distribution of frequency of heavy rainfalls , a 
year is divided into four periods, however, each period does not always coincide 
with the four seasons of the year.
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Figs. 1 Index map of  TOhoku District. 
        Topography (above 500 m and 1,000 m  a.s.1.), investigation net (dots) and place 
         names and Prefecture names are presented.
   1) February-June (Figs. 3b-3f) This period in  TOhoku District is approxi-
mately from the end of winter to early summer. The common point of distribu-
tion through this period is that high  frequency areas are generally on the 
eastern side of the backbone range (Ou  Mountains), that is, the Pacific side, 
especially on the pacific coasts of Iwate and Fukushima Prefectures, and the
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eastern foot of Ou Mountains from Miyagi to Fukushima Prefectures . In other 
words, heavy rainfall frequency is high on slopes and lowlands to the east of the 
backbone range or mountains on the Pacific side. This tendency is found in 
every month of this period. 
   2) July-August (Figs. 3g-3h) In July the frequency is remarkably high all 
over the region. The distribution trends are quite opposite to the previous 
period  (February-June)  : High frequency areas appear to the west of the backbone 
range, namely on the Japan Sea side. The highest frequency areas are found in 
the inland and of Akita Prefecture, in the area from Mount  Chtikai to Asahi 
Mountains and to the north of the Aizu Basin; these areas correspond to the 
slopes facing to S-W. The distribution in August is almost the same as in July , so 
these two months can be classified into the same category, however, in August the 
contrast in distributions between the Pacific side and the Japan Sea side is not so 
remarkable as in July. In other words, in August the frequency is also comparatively 
high in the part of the Pacific side, for example, on Kitakami Mountains, 
Abukuma Mountains and the eastern slope of  Ou. Mountains. In September, high
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frequency areas are found on the Pacific side (Fig. 3i), therefore, August can be 
considered to be a month in transition from the pattern of July to that of 
September. 
   3) September-November (Figs. 3i-3k) In autumn high frequency areas are 
again found on the Pacific side. This tendency is clear especially in  September, 
and the contrast of the distribution between the Pacific side and the Japan Sea 
side is quite strong in the southern half of  TO'hoku District. As it draws near 
the winter, the frequency decreases gradually in the whole area, though it is still 
higher in the Pacific side in October and November. Therefore, we can define the 
three months from September to November a period with an equal tendency in the 
distribution of heavy rainfall. The areas with the highest frequency on the 
Pacific side in this period are nearly the same as those in the period from February 
to  June  ; these are found on the Pacific coasts of  Iwate and Fukushima Prefectures 
and on the eastern foot of  Ou Mountains of Miyagi Prefecture, and so on. 
   4) December-January (Figs. 31, 3a) This period is the season of snowfall in 
 TOhoku District.  In January, high frequency areas of heavy snowfall are found on 
and around Mount Kurikoma and in the mountainous region to the south of the 
Aizu Basin. In December, heavy snowfalls are frequent in almost the same areas 
as those in January, and comparatively frequent in Asahi Mountains. Thus, heavy 
snowfalls are apt to occur in mountains regions  in both months, and the distribu-
tion pattern of this period shows a characteristic which differs from those of any 
other periods. 
 4. Relationships with the western Japan in the seasonal transition of 
   distribution 
   The relationships between  TOhoku District and the western Japan in the 
seasonal transition of the distribution of heavy rainfalls are as follows. In the 
western Japan, too, a year is divided into four periods, namely, February-June, 
July, August-November and December-January, in accordance with the monthly 
distribution patterns of heavy  rainfalls. High frequency areas are found on the 
Pacific side during the first and the third periods, and on the Japan Sea side during 
the second and the last periods. Thus the general trends of the transition in 
western Japan correspond with those in  TOhoku District. Therefore, the seasonal 
transitions of high frequency areas in both districts can be considered a single 
 macroclimatic phenomenon. 
   In detail, however, the seasonal transitions in  TOhoku District are different from 
those in the western Japan. (1) The changing manners are different concerning the 
distribution pattern from June to July. In the case of  TOhoku District, the
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 Distribution of heavy  rainfall:frequency  in June (above) and July (below) 
 50mm/day, shown by total number of days during 1955-1964.
above
frequency increases from June to July on the Pacific side and the Japan Sea side. 
However, greater amount of increase is observed on the Japan Sea side than on the 
Pacific side. This difference appears in the July distribution pattern as higher 
frequency on the Japan Sea side than on the Pacific side. However, in the case of 
the western Japan (as is shown in Fig. 4), the frequency in July decreases on the 
Pacific side and increases on the Japan Sea  side. compared to the frequency in 
June (Hosokawa 1968). (2) In August the contrast in distribution between the 
Pacific side and the Japan Sea side is not so remarkable as in July in  TOhoku District. 
But the distribution pattern is by and large the same as that of July. In the 
western Japan, however, the frequency of heavy rainfalls is undoubtedly high on 
the Pacific side, and the period from August to November is considered one 
homogeneous period. (3) Concerning the period from December to January in 
 TOhoku District, heavy snowfalls are apt to occur in the inland mountainous region, 
and the occurrence is partial to the coast of the Japan Sea in the western Japan.
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5. Seasonal transition of  high frequency areas 
   Thus, distribution of heavy rainfall frequency has a seasonal character. 
Areas with frequent heavy rainfalls appear in different parts of  T6hoku District 
in accordance with the change of seasons. However the four periods concerning 
the distribution patterns do not always coincide with the four seasons of the year. 
   The transitions of the distribution pattern during the winter season are as 
follows. During December-January, high frequency areas of heavy  snowfalls 
appear in the mountinous regions. As a matter of fact, most of heavy  snowfalls 
in this period in  TOhoku District are not such heavy  snowfalls as are seen in the 
plains of Hokuriku District, but are the heavy  snowfalls in mountainous areas caused 
by NW monsoon (Figs. 31, 3a). In February, heavy snowfalls are apt to occur on 
the Pacific side and this tendency continues until June (Figs. 3b-3f). Generally 
speaking,  snowfalls in the winter season are limited to Ou Mountains and westward 
(the Japan Sea side), and this is one of the important characteristics of the 
climate in this  district. But such characteristic disappears by January, limited to 
heavy  snowfalls. Since the opposite characteristic that is found from spring to 
early summer appears so early as February which still belongs to winter, to the 
people living on the Pacific side usually with little snowfall, those heavy snowfalls 
in this month are unexpected climatic accidents. Most of such heavy snowfalls as 
those in February, do not occur when the NW monsoon is prevailing, but when the 
extratropical cyclones move along the Pacific coast of  TOhoku District. 
   Such shift of high frequency areas is found in June and July, too. Heavy 
rainfalls in both months are mostly caused by Baiu front activities. Therefore, 
the shift of high frequency areas from June to July is not the phenomenon that 
occurs between the Baiu season and midsummer. It shows the difference during 
the Baiu season, between the distribution of heavy rainfalls in June and the 
distribution of those in the first two decades of July. The shift during the Baiu 
season is, as is mentioned above, connected with that of the western Japan. 
Akashi (1968) investigated daily axes of "moist tongues" arriving in Japan, and he 
revealed that most of "moist tongues" extend to the coast of the Pacific Ocean in 
June, and to the coast of the Japan Sea in July, both from the southwest. It is 
assumed that this is one of very significant factors for the shift of high frequency 
areas of heavy rainfalls during the Baiu season. 
   The sudden shift of high frequency areas during the Baiu season results in 
division of this season into two different  periods; the phenomenon of this shift can 
be considered to be a dynamic  climatological transition of the seasons. 
   In September high frequency areas appear again on the Pacific side (Fig.  3i). 
The greater part of heavy rainfalls is caused by typhoons and the rainy areas
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appear on the Pacific side very often. Heavy rainfalls in October and November 
are also brought about by typhoons, and in some cases by the extratropical 
cyclones. 
 6. Summary 
   The monthly distribution of heavy rainfalls (or snowfalls) is studied using the 
statistics of twenty years (1922-1941). The results obtained are as follows: 
   1) Areas of high frequency appear in monthly maps, and the more the daily 
amount of precipitation, the more distinctive such areas are (Figs. 2a-2c, Fig.  3i). 
   2) Distributions of frequency have different characteristics in accordance 
with the season. Grouping the distribution patterns, a year is divided into 
four periods: February-June, July-August, September-November and December-
January. 
   3) The seasonal transition of the high frequency areas in  TOhoku District is 
compared the transition in the western Japan, and as a result it is presumed 
that the seasonal transitions in both districts are a single macroclimatic 
phenomenon. 
   4) High frequency areas do not always coincide with the so-called rainy 
 areas; in February, the frequency of heavy snowfalls is high in the coasts of the 
Pacific usually with little snowfall (Fig. 3b). 
   5) The shifts of high frequency areas should be understood in a sense of 
dynamic climatology, and the four periods of heavy  rainfalls do not always coincide 
with the four seasons of the year. 
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